Background. Recent reports have described decreased effectiveness with vancomycin treatment for methicillin-resistant Staphylococcus aureus bacteremia (MRSAB) when the vancomycin minimum inhibitory concentration (MIC) is >1 µg/mL.
The question still remains as to whether poorer outcomes when the MIC is >1 µg/mL are due to ineffective treatment or to other microbiological characteristics of the organism. Holmes et al [11] evaluated outcomes of a cohort of patients with S. aureus bacteremia and found that vancomycin MIC >1.5 µg/mL was an independent predictor of increased mortality at 30 days even if the isolate was methicillin susceptible. A recent meta-analysis of the literature reported a 2.69-fold (95% confidence interval, 1.21-4.02) increase in treatment failure when the vancomycin MIC is ≥1.5 µg/mL [8] . Current guidelines for MRSA bacteremia (MRSAB) recommend that the decision to switch therapy should not be based solely on MIC; however, alternatives may be considered if the patient's condition is worsening or the vancomycin MIC is 2 µg/mL and the patient is critically ill [12] .
Regardless of the causative factors for poorer outcomes among infections caused by MRSAB with high vancomycin MICs, data to support alternative treatment are of critical importance. The purpose of this study was to compare clinical outcomes associated with vancomycin and daptomycin in the setting of MRSAB when the vancomycin MIC is >1 µg/mL.
METHODS

Study Design and Patient Population
This was a retrospective, matched cohort study comparing outcomes of patients treated with vancomycin or daptomycin at 4 hospitals within the Detroit Medical Center (Detroit, Michigan) between January 2005 and March 2012. In February 2008, the Detroit Medical Center implemented a treatment guideline in which patients would receive daptomycin for MRSAB if the vancomycin MIC was documented as >1 µg/mL and ≤2 µg/mL.
All adult patients with susceptible MRSA bloodstream isolates with an initial vancomycin MIC >1 µg/mL who received vancomycin or daptomycin for >72 hours were eligible for inclusion. Patients were excluded if the primary source of bacteremia was an intravenous catheter or pneumonia, or if the patient required renal replacement therapy due to acute renal failure or end-stage renal disease. Patients were also excluded if they had received ≥72 hours of alternative MRSA therapy prior to initiation of vancomycin or daptomycin, including patients who were switched from vancomycin to daptomycin.
Data collected from the medical record included demographic information, comorbidities, antimicrobial therapy, and clinical and microbiological laboratory data.
Matching Criteria
Patients who received daptomycin were matched in a 1:1 ratio with those who received vancomycin in a blinded fashion.
Patients were matched according to age (±5 years), Pitt bacteremia score (<4 or ≥4), and primary source of bacteremia. The Pitt bacteremia score has previously been validated as a scale to help predict mortality in patients with S. aureus bacteremia [13] . For the purposes of matching, patients were put into the following categories based on the primary source of bacteremia: endocarditis, bone or joint, complicated skin and soft tissue, or unknown source. The primary source of bacteremia was determined by the treating physician, along with clinical and microbiological data obtained from the medical record.
Microbiological Data
Antimicrobial susceptibility was determined by Detroit Medical Center University Laboratories. Susceptibilities to vancomycin and daptomycin were determined via Etest (bioMérieux) from January 2005 and January 2008, and via MicroScan (Siemens) from February 2008 through March 2012.
Antimicrobial Dosing
Daptomycin-treated patients received at least 6 mg/kg daily with higher doses based on the discretion of the treating physician. Vancomycin-treated patients received doses targeting serum trough levels between 15 and 20 µg/mL according to hospital protocol. To achieve these targets, vancomycin dosing was based on population pharmacokinetic data and equations [14] . Initial vancomycin serum trough levels were measured prior to the third or fourth dose of vancomycin. Subsequent vancomycin serum trough levels were measured every 4 to 7 days or as clinically indicated. Estimated area under the vancomycin concentration-time curve to MIC (area under the curve [AUC] 24 /MIC) ratios were calculated as previously described [7] .
Definitions
Duration of bacteremia was calculated as the number of days from the start of MRSA treatment until the day the first negative blood culture was drawn. For patients treated with daptomycin, the initial period of vancomycin treatment prior to daptomycin was included in the duration of bacteremia. For patients receiving empiric MRSA treatment prior to the initial positive blood culture, the duration of bacteremia was calculated from the day the initial positive culture was drawn to the day the first negative culture was drawn. Persistent bacteremia was defined as MRSA bacteremia ≥7 days. Nephrotoxicity was defined as an increase in serum creatinine of either ≥50% or ≥0.5 g/dL (whichever was greater) from baseline on at least 2 consecutive occasions [15] . Creatinine phosphokinase (CPK) levels were documented when available, and increases >5 times the upper limit of normal were considered significant [16] .
Outcomes
The primary outcome, clinical failure, was a composite of allcause mortality within 30 days of the initial positive blood culture or persistent bacteremia. Mortality was verified via public records review using the United States Social Security Death Index.
Secondary clinical outcomes included a survival analysis up to 90 days following the initial positive blood culture, inpatient mortality, hospital readmission within 30 days following discharge, and recurrence of MRSAB within 30 days of discharge or the last day of therapy, whichever occurred first. Secondary microbiological outcomes included duration of bacteremia and the emergence of decreased MRSA susceptibility to vancomycin or daptomycin during inpatient treatment.
Costs of care from the institution's perspective were compared between the 2 groups, and included the total of all charges accrued during hospitalization, total medication charges, total laboratory charges, and charges for surgical and intensive care services. Data for this analysis were obtained from the Detroit Medical Center Corporate Finance Department.
Statistical Analysis
Using assumptions based on data from our own institution, a power analysis indicated that 44 patients per group were required to detect a 31.5% difference in the proportion of clinical failure between groups with 80% power and a 2-sided 5% level of significance [17] . The χ 2 test and Fisher exact test were used to compare categorical variables, while the Student t test or Mann-Whitney U test was used to compare continuous variables. Independent predictors of clinical failure were determined via backward stepwise logistic regression. The 90-day survival analysis was performed using a Cox proportional hazards model. Variables associated with failure in univariate analysis (P < .2) and disparate variables between treatment groups (P < .2) were considered for inclusion in both the logistic regression and Cox proportional hazards models. For all analyses, P values <.05 were considered statistically significant. All calculations were performed using PASW, version 20.0 (SPSS).
RESULTS
During the study period, 1863 consecutive cases of MRSAB with a vancomycin MIC >1 µg/mL were identified and screened for inclusion. A total of 85 daptomycin-treated patients were matched to 85 vancomycin-treated patients. Among the 1652 patients not meeting inclusion criteria, the primary reasons included renal failure, initial vancomycin therapy ≥72 hours in the daptomycin group, and cases in which an intravenous catheter was identified as the primary source of bacteremia. Baseline patient characteristics were similar between groups (Table 1) . Median Pitt bacteremia score and Charlson comorbidity index did not differ significantly, nor did the proportion of patients requiring admission to the intensive care unit (ICU; Table 1 ). All patients received surveillance blood cultures during hospitalization. Among patients requiring admission to the ICU, the median ICU length of stay was 7 days (interquartile range [IQR], 2-12 days) in the daptomycin group compared to 5 days (IQR, 2-14 days) in the vancomycin group (P = .824). Vancomycin or daptomycin was initiated the day the initial positive blood culture was drawn in 84.1% of cases, and within 2 days for all patients.
The most common primary sources of MRSAB were complicated skin and soft tissue infection, bone or joint infection, and infective endocarditis (Figure 1 ). Vancomycin susceptibility for the majority of isolates was determined via MicroScan versus Etest (85.3% vs 14.7%). Overall, 160 (94.1%) isolates had vancomycin MICs of 2 µg/mL, while 10 (5.9%) had MICs of 1.5 µg/mL. Seventy-nine (92.9%) patients in the daptomycin group were switched from vancomycin once a vancomycin MIC of >1 µg/mL was identified; the remaining 6 patients had MRSA therapy initiated with daptomycin. The median duration of initial vancomycin therapy prior to daptomycin was 1.7 days (IQR, 1.1-2.3 days). In the vancomycin group, the median serum trough concentrations were 17.6 µg/mL (IQR, 14.9-21.2 µg/mL) and the corresponding AUC 24 /MIC was 211.7 (IQR, 155.1-279.9), whereas 10 (12.2%) patients treated with vancomycin had AUC 24 /MIC ratios >421 [7] . The median daptomycin daily dose was 8.4 mg/kg (IQR, 6.3-9.9 mg/kg). Concomitant aminoglycoside and rifampin use did not differ significantly between the groups ( Table 1 ). The infectious diseases service was consulted for the majority of cases in each treatment group (Table 1) . Table 2 compares clinical and microbiological outcomes between the daptomycin and vancomycin treatment groups. In the crude analysis, treatment with daptomycin was associated with significantly less clinical failure at 30 days compared to vancomycin (20.0% vs 48.2%; P < .001). Both components of clinical failure, mortality at 30 days and persistent bacteremia, were significantly lower in patients receiving daptomycin therapy (Table 2) . Among patients who died during admission, 5 of 9 (55.6%) in the vancomycin group remained bacteremic at the time of death compared to 0 of 3 patients in the daptomycin group. These findings were confirmed by multivariate logistic regression analysis, in which vancomycin was associated with a significantly higher risk of clinical failure at 30 days (adjusted odds ratio, 4.5 [95% confidence interval, 2.1-9.8]; Table 3 ).
The Cox proportional hazards model of survival to 90 days favored treatment with daptomycin ( Figure 2) . Additionally, patients in the daptomycin treatment group were more likely to survive until hospital discharge compared to the vancomycin treatment group (3.5% vs 11.9%; P = .047). Patients who were switched to daptomycin experienced a shorter duration of bacteremia compared to those treated only with vancomycin (Table 2 ). However, both duration of therapy and length of stay were similar between the 2 groups ( Table 2) . Overall charges accrued during hospitalization were similar between the daptomycin and vancomycin treatment groups, with significantly higher medication charges in the daptomycin group (Table 2) . Charges related to laboratory (Table 2) , intensive care, and surgical services (data not shown) were not significantly different between the 2 groups.
In the daptomycin group, 2 patients (2.6%) experienced elevations in daptomycin MIC to 2 or 4 µg/mL following initiation of daptomycin. In both cases, the vancomycin MIC also increased to 4 µg/mL. Daptomycin monotherapy was continued in one case, while the second patient received gentamicin and rifampin in combination with daptomycin. Both patients survived until discharge with documented clearance of infection, though they did experience persistent bacteremia. There were no cases in which the vancomycin MIC increased without a concomitant increase in daptomycin MIC.
In the vancomycin group, 22 patients (25.9%) experienced nephrotoxicity. Among those with nephrotoxicity, the median vancomycin trough was 18.1 µg/mL (IQR, 16.7-21.1 µg/mL). The median age and primary source of bacteremia was not different between those patients who experienced nephrotoxicity versus those who did not. The proportion of vancomycintreated patients who experienced nephrotoxicity was higher among those who received concomitant aminoglycoside therapy (50.0% vs 15.9%, P = .001). One patient in the daptomycin treatment group experienced a significant elevation in [18] . In their study, patients were switched to daptomycin after a median of 5 days, and up to 14 days of vancomycin therapy at the discretion of the treating physician. However, switching therapy only after being deemed a failure on vancomycin could potentially favor the daptomycin treatment group. Furthermore, duration of bacteremia was defined from the start of daptomycin in the daptomycin treatment group or from the start of vancomycin in the vancomycin treatment group, a definition that inherently favors daptomycin. In the current report, we defined duration of bacteremia from the start of MRSA therapy (ie, including the initial period of vancomycin therapy in the daptomycin group), which is likely more representative of daptomycin's treatment effect and more closely reflects current clinical practice. Additionally, we only included patients who were switched early from vancomycin to daptomycin (ie, within 72 hours), thus limiting potential selection biases. Nearly 50% of vancomycin-treated patients in our cohort met the criteria for clinical failure, which is slightly higher compared with previous reports in the range of 25%-40% [4, 6, 7, 18] . The high proportion of failures noted here could potentially be a reflection of the study design, in which patients were excluded if the primary source of bacteremia was deemed to be an intravenous catheter or other intravenous access device (eg, graft or fistula for hemodialysis). Patients with deep-seated infections, which comprised a majority of infections in this study, are more likely to experience a prolonged duration of bacteremia, which in turn has been associated with poor clinical outcomes including mortality [10, 19] . Indeed, the finding of intravenous drug use as an independent predictor of clinical failure may be reflective of this point; endocarditis was identified as the primary source of bacteremia in a significantly higher proportion of patients with a history of intravenous drug use compared to those without (36.1% vs 16.5%, respectively; P = .004). Consultation to an infectious diseases physician is thought to improve patient outcomes in the setting of S. aureus bacteremia [20, 21] . The infectious diseases service was consulted in 97.6% of cases in the current study, although none of the 4 patients without an infectious diseases consultation experienced clinical failure.
Resistance to daptomycin has been reported to emerge during treatment, and may represent one drawback compared to vancomycin. Three patients experienced elevations in daptomycin MICs up to 4 µg/mL during therapy in the current cohort, which is similar to that reported previously [22] . Of note, all 3 patients survived until hospital discharge, though did experience persistent bacteremia, perhaps reflecting the impact of elevated daptomycin MIC on antistaphylococcal activity. Several factors may have led to the significantly improved outcomes among patients treated with daptomycin compared to vancomycin. Experience with vancomycin over time has demonstrated that trough levels between 15 and 20 µg/mL are needed to effectively treat complicated MRSAB when the vancomycin MIC is ≤1 µg/mL. If the vancomycin MIC is >1 µg/ mL, patients are not likely to safely tolerate vancomycin doses that would be required to achieve the AUC 24 /MIC target (>421) that has been shown to optimize activity against MRSAB [7, 26] . The high rate of clinical failure in the current study despite median serum vancomycin trough levels ≥15 µg/mL is potentially a reflection of the inability to reach the AUC 24 /MIC target when the vancomycin MIC exceeds 1 µg/mL. In fact, 65.7% of vancomycin-treated patients failed to attain target AUC 24 /MIC ratios >421 despite median serum trough concentrations >15 µg/mL. Daptomycin's rapid bactericidal and concentration-dependent activity may have contributed to the more favorable outcomes observed in this study [23] . Of note, the doses administered in this cohort were on average higher on a mg/kg basis compared with those used in initial clinical trials evaluating daptomycin 6 mg/kg daily [22] . Given that daptomycin's bactericidal activity is dependent upon the AUC 24 /MIC ratio and peak concentration to MIC ratio, the use of higher doses could have positively impacted patient outcomes [23] . Daptomycin dosing regimens greater than the FDA-approved dose of 6 mg/kg daily have been associated with safe and potentially more favorable outcomes in previous observational studies of patients with bacteremia [18, 24, 25] .
A comparison between vancomycin-and daptomycintreated patients demonstrated that total charges accrued during hospitalization were similar, although charges related to medications were greater in the daptomycin group. But because the high variability in total hospital charges, as reflected by the range of charges (Table 2) , this study may not have been adequately powered to detect a difference in overall cost of care. The data suggest that the majority of costs incurred during the treatment of MRSA bacteremia may not be due to drug therapy, but rather to length of stay.
The present study was retrospective and examined patients from one regional medical center, thus limiting external validity to an extent. Although all patients were followed up to assess mortality within 90 days, readmissions to outside institutions during the follow-up period could have been missed. A multicenter, prospective study involving patients from various regions both nationally and internationally may be able to better characterize the potential benefit of switching therapy from vancomycin to daptomycin once the vancomycin MIC is known to be >1 µg/mL. Although patients receiving ≥72 hours of vancomycin prior to switching to daptomycin were excluded, initial vancomycin exposure may have influenced the outcome of patients treated with daptomycin. The potential for selection bias was minimized in this study as patients with high vancomycin MICs were recommended to switch to daptomycin according to hospital guidelines. The potential that confounding variables impacted clinical failure was minimized by matching based on site of infection, age, and severity of illness. Furthermore, analysis of clinical failure using multivariate logistic regression confirmed that vancomycin treatment was an independent predictor of clinical failure. The majority of isolates were tested via the MicroScan automated susceptibility testing system, while a small proportion was determined via Etest. The use of 2 different susceptibility testing methodologies may have the potential to confound our results; however, a subgroup analysis of cases with MIC determined via MicroScan (n = 145) revealed outcomes similar to the entire population; clinical failure in the subgroup analysis occurred in 25.3% of patients in the daptomycin group compared to 41.9% in the vancomycin group (P = .034).
In conclusion, early use of daptomycin was associated with significantly less clinical failure compared to vancomycin in the setting of MRSAB with high vancomycin MICs (ie, >1 µg/ mL). Both 30-day mortality and persistent bacteremia were significantly decreased in the daptomycin treatment group. For the treatment of bacteremia caused by deep-seated MRSA infections with high vancomycin MICs, early daptomycin may offer improved clinical outcomes compared to dose-optimized vancomycin.
